Heavy metal continues to be one of the most misinterpreted musical genres in existence, while also remaining one of the most intelligent, insightful and technologically-rich genres. Creating signal distortion, increasing music's volume, and developing equipment to extensively tour the world all require innovation of technology. Heavy metal's history has facilitated multiple engineering developments in its quest for extremity as well as containing a wealth of commentary about global, social, religious, and political cultures. The original presentation in 2013 addressed the implementation of a course to help students explore these engineering developments and social commentary, with an ultimate goal to promote understanding of the interplay between the technologies and cultural phenomena. The current paper will expand on that premise with more recent developments in the engineering/music crossover, as well as discuss the creation of an honors section of the course.
Introduction
Heavy metal (often simply referred to as "metal") is a musical genre consisting of a wide variety of instrumental styles, lyrical themes and cultural phenomena. Generally speaking, all of these topics revolve around the presentation of power and intensity. [2] [3] [4] A college course was created in 2009 to examine how engineering design and technology developments have manifested in heavy metal's evolution. While a complete description of the genre is excessive for this followup paper, a synopsis of the original paper's 1 examination of how the course accomplishes its goals is necessary to provide the framework for the new developments in the course.
Goals and structure of the course
The course outcomes, detailed in the original paper, are:
1. Students will describe the history of, culture of, and influences to heavy metal music.
2. Students will describe the engineering and technological developments that have enabled heavy metal music's unique sound.
3. Students will explain how musical instruments that are used in heavy metal music function.
4. Students will explain how each instrument serves a musical need for specific subgenres of heavy metal.
5. Students will identify the worldwide influences and impact of heavy metal music.
6. Students will describe how heavy metal music serves as a vehicle to know about global culture and government function.
This course serves to discuss engineering and technology through heavy metal's creation and evolution. Additional discussions explore social perceptions of and responses by the culture of metal, and how its growth reflects politics and society worldwide. In these ways, the course represents many of the tenets of liberal education promoted at the host university: the arts, humanities, social commentary, global culture, communication through music, science and technological innovation. It is one of only a few courses at its home university that viably bridges the gap between STEM fields and the "soft skills" that have become so valued by industry partners who hire its graduates. It is a concept-driven course requiring no math, and as such the audience spans majors from engineering to art to education to business.
The course focuses on multimedia content and experiential engagement. Required media include books about heavy metal history (Christe, "Sound of the Beast") 2 and concerns about underrepresentative populations (Dawes, "What Are You Doing Here?") 5 , and a video documentary series that examines the anthropology of the genre and subgenres of metal (Dunn, "Metal Evolution") 6 . Reading and quizzes outside the classroom, and lectures and discussions inside the classroom, provide plentiful opportunities for students to engage and reflect on the topics in efforts to meet the course outcomes above. One of the unique aspects of this course is directly connecting students to professionals in the field of music and heavy metal culture through web meetings. Demonstrations of music, instruments, and affiliated equipment to the students is also key to their connectivity with the content. This course addresses a variety of engineering-and software-related facets of technology. It specifically focuses on the application of science to devices and instruments used in heavy metal rather than the theories of science, which is addressed in another course at the host university. As such, a broad swath of disciplines is able to be covered in the course through the examples of music creation and distribution. These examples are then expanded upon to generate discussion about how engineering and technology serve society in other ways. The entire discussion begins with understanding the processes of engineering design and problem solving, and then moving to how those processes manifest in the various engineering disciplines. The disciplines originally included in the course include mechanical, electrical, materials, manufacturing, and software engineering.
While the course was not developed with an eye toward the theoretical framework of technological literacy, it does directly connect with it. Foundational books by the National Academy of Engineering and National Research Council 7, 8 demonstrate the need of society to have a basic understanding of the nature of technologies that we regularly use and develop. Understanding the devices that make music and how that music permeates life around the world is one manner that this course serves that need. Distinguishing between technology and science, requiring critical reading and thinking, and linking those topics to historical socio-political situations all help advance the students toward greater technological literacy.
Current Technology Issues
While the core design-based technologies discussed in this course are kept, it is important to continue to stay current with newer issues that arise in musical technologies. Usually these are related to one another and there is thus a continuation of the topical content of the former to expand to the latter. In other cases, the current issues had not previously been prominent enough to have merited inclusion in earlier offerings of the course. This section will address examples of both the expanded coverage of core topics and the introduction of newly-important issues.
The course currently covers the various ways that engineering and technology have played a role in the consumption of music by consumers. This includes long-playing records (LPs), cassette tapes, compact discs (CDs), and begins to delve into online modes of music delivery. The focus, though, has been on the tangible physical recording devices. Those have presented the best connection to the electromechanical technologies, and have very specific connectivity to the recording and playback of music by the consumer as well as by mass media outlets. However, they are generally older technologies, and not prominent in the world of the current generation of music consumers.
This generation listens to music online and through portable devices that make Baby Boomers' and Generation X's turntables and Walkmans feel laughably archaic. Ownership of music is hugely unnecessary, according to the students in the course, and thus the playback media of the past are simply not experienced by the vast majority of current students. Streaming and downloading, whether legally or illegally, is the go-to format for the current generation of music consumers. Physical copies of music are largely not in demand, with the exception of certain genres of music like heavy metal. It is thus helpful for students to learn where their current forms of music enjoyment came from, and how they have evolved to where they are today. The course has thus expanded the music acquisition topics to include the impacts of the internet on musicians, record labels, and consumers, as well as ethical and legal arguments that have arisen.
In a similar way, music creation has also been changed forever by the online technologies that now exist. In order to make a recording of music, musicians of the past (and their managers or record labels) had to set aside time and money to commit to being at a recording studio for a specified amount of time. They traveled to the studio, booked living arrangements, hauled their musical gear, and worked under a specified time schedule allotted to them. They paid a sound engineer for their time so that at the end of that specified time, they would have a physical copy of a master recording. This would then get replicated onto the recording media of the day so that it could be shipped to merchandising locations for sale to consumers. Those physical copies finally allowed consumers to listen to the musicians at their leisure, assuming they had the physical means for playback.
Computer programs and the internet have revolutionized the recording, mixing, and distribution of music so that this just-described scenario happens less and less. A singer in New York City can collaborate with a guitarist in Seoul, a keyboardist/DJ in Stockholm, and a drummer in Johannesburg without ever leaving their locality. It could then be transferred to a sound engineer in Sydney to mix and master it for release to the public. It need never have a licensed physical copy, and the musicians and producers never be on the same continent, and yet the collaboration still produces the final product for online distribution directly to consumers. Discussing the evolution of sound engineering is again valuable to the aspiring engineer, and exposure to the power of technology helps the non-engineer gain comprehension of what engineers enable. Research has also shown that retention in engineering can increase when students experience the developments of music technology in the context of their discipline. 9 A topic that has not been previously addressed in the course is environmental engineering. It was omitted in past years in large part because there had been no triggering event like the internet and its subsequent evolution to warrant its inclusion. However in recent years, sustainability and sourcing concerns have begun to have major implications on some of the largest names in the instrument business. As such, these topics demanded to be included in a course like this one.
Much of the guitar, whether electric or acoustic, is made of wood. The body and neck are typically solid woods of various types and constructions. Woods that are commonly used in guitars include maple, mahogany, alder, ash, rosewood, ebony, spruce, and basswood. They are traditionally chosen primarily for their sonic qualities, which derive from their natural structure and properties. Until fairly recently, the sourcing and sustainability of these woods were not major concerns. However, a number of the woods used, such as rosewood, mahogany, and ebony, are now close enough to extinction that they cannot be used for mass production, and must be regulated.
Availability of tone woods has resulted in seeking out new sources, or considering alternative materials to make instruments. In some cases, the manufacturers have explored woods with more availability but diminished sonic qualities, such as poplar or paulownia. Others have gone more global in their search for the woods they desire. Alternatives to wood have begun to be investigated as well, in large part due to advances in manufacturing technology like 3D printing and synthetic materials. One manufacturer uses aluminum instead of wood to create their instruments. This course addresses these issues as examples of common engineering practices, from staying current with technology evolution to being impacted by the realities of resource limitations and regulations.
One major manufacturer of guitars came under investigation by the US Fish & Wildlife Services in 2009 and 2011 for violating the Lacey Act. The Lacey Act requires that companies who import wood to ensure that they have been legally harvested and follow all environmental laws of the country that produces the wood. Illegally imported ebony wood from Madagascar as well as mislabeled woods from India were seized in raids on the factories of this manufacturer. The manufacturer chose to pay fines rather than try to fight the allegations in court, which would potentially cost them a lot more. The situation highlights the seriousness of the sourcing of these materials for making instruments, and the potentially willingness for manufacturers and producers to attempt to circumvent laws in order to make a financial profit. 10 The inclusion of these expanded topics keeps the course current with technology advances and impacts, while maintaining the ties to the history of the associated engineering developments. It reflects the experiences that these students have with the virtual world in which they immersed and are likely more familiar. By generating such connections, students gain better perspective on the interplay between technological design and the broader impacts in the real world that we all live in, and are more likely to participate in it.
Honors Project
The relative popularity of the course has provided opportunities to broaden and enhance the potential for engaging with more broad populations of students. At this university, there is a significant high-ability population in engineering and computing disciplines, but not nearly enough formalized high-ability-focused coursework beyond the already rigorous disciplinary requirements. A goal of this course is thus to become a go-to engineering course for the highability population, through an Honors section. The requirement for such a section is to have an additional assignment that pushes students beyond the norm. In the case of most STEM-based course offerings, that additional assignment is typically team project-based with a demonstration of the project goal in class and an essay detailing the project. This course uses this model, and the details will now be described.
The project that Honors students do has an objective to design and build a working electric guitar from parts. Each team is provided with a bill of materials for the parts that they will need to complete the build. The first items on the bill of materials, guitar bodies and necks purchased from the same manufacturer, are given to the teams to get them started. The guitar body is the portion of the instrument where the electronics are contained and where the finished guitar is strummed, and the guitar neck is the portion where the notes are played on the strings. The teams also get a budget to adhere to and a basic "how to" manual on building a guitar from these starting parts. Finally, the teams are given a basic outline of the project essay that they must submit to describe and discuss their process, timeline, and accomplishment of the objective. The deadline for demonstrating a working instrument to the class and submitting the accompanying essay is the start of the last week of class meetings. The bill of materials is where the majority of the investigative research is done by the student teams. Each of the parts on it must be researched, specified, and purchased within the budget.
Students must determine what type of music their instrument is being created for, and then identify the appropriate choices for that musical style. For example, if the team's goal is to use the guitar for country music, then they would need to know the tonal characteristics of country guitars and what typically allows that sound to be generated. Thus even if the course revolves around heavy metal music, this project does not limit students to only that genre since it could overly limit their creativity with the guitar.
The major decision and impact on the budget is the choice of electric pickups, which are the primary parts involved in generating the electric signal for the guitar and have a significant effect on the tone of the instrument. The budget for the pickups is $12, which must be spent on between 1-3 pickups depending on the design chosen by the group. Since name brand pickups can cost between $50 and $250 each, this is an important decision for teams to examine value and the importance of buying name brand parts. In general, the need for name brand parts in a project of this type is very low, but it is a good decision-making exercise for the students.
A second significant budget decision is made with respect to the bridge, which is the interface between the guitar body and strings. Bridges can also vary in type and cost, and vary from as low as $10 to as high as $400. The major differences between the bridges at these price points are materials of manufacture and overall part quality. In the first year of the Honors project, there was no set budget for bridges. This turned out to be a mistake since students were not required to consider value, and thus teams purchased name brands of better quality, but also significant cost. The second year of the project instituted a budget of $100 for the bridge assembly, which worked out much better budget-wise as well as for the value discussion. The appropriate choice of bridge for these guitar projects is easily within this budget, and most likely less than $40.
The report that students submit is intended to be a synopsis of their goals, decisions made, timeline, and outcome of the collaboration. If they encountered roadblocks, then those are to be addressed. If they found that they did not allow enough time, then that was to be addressed. The process they followed was not specifically scrutinized as part of the grade, as long as they explained any issues and resulting impacts. Collaborating, documenting decisions, and reflection are the key elements to the report.
The end result of all the teams has been outstanding, even if the guitars they built had some challenges. Figure 1 above is from one of the year two groups, and the other two teams' guitars are in Figures 2 and 3 below. In these latter two guitars, the teams went beyond the basics with the project. The yellow guitar in Figure 2 introduced an older-style bridge assembly that is not typical of this guitar shape. They wanted a "rockabilly" guitar reminiscent of the 1950s even though none of the team members played guitar nor were particular fans of that music style. The design involved more strict measurement and alignment of the neck, pickups, and multi-part bridge assembly than a standard guitar using this body shape. For a first guitar build, the results were extremely good. The orange guitar in Figure 3 was designed to employ a more heavy metal style of bridge assembly and nut, and more typical of the guitars demonstrated for the course throughout the semester. Both the bridge assembly and nut (indicated by the red arrow in Figure 3) were equipped with dynamic rollers rather than simple static grooves, to improve the tuning stability of the strings on the guitar. The team also custom painted the guitar in a tiger stripe pattern as a dedication to both a professional sports team and certain subgenres of heavy metal. Again, this was above and beyond the norm for a project like this, and the result was similarly great. The current structure of instructional evaluations at the host institution are focused on instructors rather than courses, thus no formal mechanism for assessment of the innovations exists. Informal feedback by the students doing the Honors projects suggests strongly that this is a successful addition. They cite the "cool" and "fun" factors of the project, combined with the goal of producing an actual functional device, as being key to that feedback. While no specific feedback was given regarding the new topical areas, it was observed that a greater number of students seemed to participate in those discussions than in others. The instructor believes this could be a combination of natural interest and familiarization in the more current topics.
Summary and Conclusions
Two advances in an engineering-driven liberal education course have been described in detail. Both the additional technologies discussed and the Honors project addition have generated a strong reception and interest among the participating students. As such, it appears that this course continues to successfully bridge culture and technology, and facilitates the basic understanding of engineering concepts in the ever-more global society that these students will enter upon graduation.
The importance of the new developments to educators in general is additional methods to increase technological literacy of students at the college level. The honors project provides a framework for engineers and non-engineers to work collaboratively to create a functional engineered device to make music. The new topics resonate with students because they are both current and environmentally impactful, and put the technology into a context that they understand and care about. Educators inside and outside of engineering can refer to this course as a way to frame engineering topics to increase technological literacy and broaden engineers' context of how they can impact society.
